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STARCHES 

(71) We, MORISHTTA PHARMACEUTICAL CO., LTD., a Japanes e body 
corporate. No. 29, 4-chome, Dosho-machi, Higashi-ku, Osaka-shi, Japan, do hereby 
declare the invention, for which we pray that a patent may be granted to us, , and me 
method by which it is to be performed, to be particularly described in and by the 
following statement:— . . • 

The present invention relates to a hydroxyethy! starch tovmg^^oUr^wtio^ 

0.5_toj.Q, and to a process for the production thereof. 

^■■■'■Coiiventional processes for producing a hydroxyethy! starch substituted with 
hydroxyethy! groups on carbon atom 2 of the glucose ring comprise reacting a hydroxy- 
ethylating agent such as ethylene oxide or ethylene chlorohydrin with starch or 
hydrolyzed starch in the presence of a catalytic amount of caustic alkali. 

It is an object of the present invention to provide a hydroxyethy!^ starch having 
more substituted hydroxymethy! groups on carbon atom 6 than on carbon atom 2 of 
the glucose ring. Such hydroxyethy! starches have been found to be more effective as 
a plasma expander than hydroxyethy! starches having more hydroxyethyl groups on 
carbon atom 2 than on carbon atom 6 of the glucose ring and obtained by the above- 
described known process. 

In recent years, blood substitutes, especially plasma expanders, have found exten- 
sive use due to the increase in the number of surgical operations and the frequent 
occurrence of traffic accidents. However, presendy used plasma expanders Dextran — 40 
and Dextran — 70 have a low antigenic activity which frequently causes feve r and 
objectionable allergic reactions such as urticaria and tends to prod uce bleeding when 
the expander is transferred in a large amount. On the other hand, hydroxyethyl starches 
synthesized in 1934 by W. Ziese (Z. Physiol. Chem., 299, 213 (1934)) are reported 
to be applicable as a plasma expander in 1957 by Widetsheim et of. (Arch. Int. 
Pharmacodyn , i//. 353 (1957)). 

Hydroxyethyl starches have been prepared by the reaction of ethylene oxide with 
soluble starch in the presence of a catalytic amount of alkali. Although it had been 
difficult to locate accurately where the hydroxyethyl groups are substituted in the 
glucose ring of the thus-prepared starch, recent researches have revealed that the 
majority of the hydroxyethyl groups are substituted in die secondary alcohol on the 
carbon atom 2 of the glucose ring. m 

More specifically, the resulting ratio of 2-hydroxyethylglucose (hereinafter referred 

to as "2 O — HEG") to 6-hydroxyethylglucose (hereinafter referred to as f, 6 — O — 

HEG"), namely the ratio of 2— O— HEG/6— O— HEG, has been found to be 5.20 
by Bdder et a/. (Carbohyd. Res., 70. 391 (1969)), 5.50 by Sivastava et al. (Stirke, 2/. 
181 (1969)), and 5.54 by Bollenbach et al. (Cereal Chem., 46, 304 (1969)). From 
these ratios it is dear that a greater number of hydroxyethyl groups are substituted 
on carbon atom 2 than on carbon atom 6 of the glucose ring. 

0*i the other hand, according to researches on the enzymatic activity of amylase 
on methyl ether starches, compounds having more substituena on the carbon atom 6 
of die glucose ring are reported to be relatively more amenable to an enzymatic reaction 
than those having more substituents on the carbon atom 2 of the glucose ring (Y. 
Matsushima et al., J. Biochemi., 64. 73 ( 1968)). 
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Based on these findings; we have further found that hydroxyethyi sta r ches having 
more hydroxyethyi groups substituted in the primary alcohol on the carbon atom 6 
than on the carbon atom 2 for example, starch with a 2— O — HEG/6— O — HEG 
ratio of 0.85 as compared with hydroxyethyi starches having more hydroxy* thyl groups 
substituted *n the secondary alcohol on the carbon atom 2 than on the carbon atom 6 
of the glucose ring, for example, starch with a 2— O— HEG/6— -O— HEG ratio of 5.5, 
exhibit a different behaviour in response to n-amylase. Thus, we have discovered that 
when compared at the same degree of substitution, the hydroxyethyi starches having 
more hydroxyethyi groups substituted on die carbon atom 6 than on the carbon atom 
2 are more amenable to enzymatic reaction in vitro and achieve substantially the same 
level of concentration in the blood at initial stage in vivo as hydroxyethyi starches 
having more hydroxyethyi groups on the carbon atom 2 than on the carbon atom 6. 
The hydroxyethyi starches of the invention are excreted more promptly and retained 
for a much shortened period in contrast with a long period (2 to 3 weeks) of retention 
which is generally the case with the hydroxyethyi starches prepared by the above- 
described conventional process. Accordingly, the hydroxyethyi starches of the invention 
have been found to possess excellent pr op e rties for use as a plasma expander. Accord- 
ingly, we subsequently carried out intensive researches in an attempt to obtain hydroxy- 
ethyi starches having more substituenrs on the carbon atom 6 than on the carbon atom 
2 of the glucose ring to accomplish this invention. 

M ore specifically, we used alkali in varying amounts relating rn $k amount of 
st arch or hydrojyxed starch and unexnee tcdl vJtound_that-the^use_Qf-aL-molar ratio of 
alkali to star^ oijM jeaM _ Z,Q^jn ^other words, the use, oLalkalLas,a-rea gem but n ot 
^s ^^ataly gr^s liytfie conyemionaLpr pcess makes it possible to fynthesizchydroxy- 
etSvTMatthes which have more substin^nts^on the^carbon^atom 6_than_on the carbon 
atom2 of~tte^glucQsc ring in proportion to the amount of alkali used. -In this way, 
wc have succeeded in producing hvdroxycthyl starches having a molar ratio of 
2 — O — HEG to 6— O— HEG of O.^to^.O. 

Next, we prepared, as authentic samples, by known methods, glucose (II), 
2 — O — HEG (III), 3 — O — HEG (IV) and 6— -O-rHEG (V) and the authentic 
samples obtained were respectively hydrolyzed and trimethytsilylated (CC Sweeley 
et of. J. Am. Chem. Soc., 8S> 2497 (1963)). After hydroxyethyi starches (I) had 
been hydrolyzed with mineral acid, they were trimethylsilated and ratios of the result- 
ing components were determined in comparison with the authentic samples by established 
gas chromatographic estimation. 
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From among the above hydroxyethyl starches were selected *^^™f * 
«t;« ofi)5 to 100 for 2 O — HEG/6— O — HEG to conduct experiment* in die 

SrThaving more 'substituents on the carbon «™ « ^^"^ 
the riutose nns were found to be useful as a plasma expander, those naming a 
rlff-Wr./ol^-HEG ratio of 0.5 to 2.0 being ascertained to be excellent. 
2 ^STa / t^We to £ difference in properties in that where* M«£«M 
starchw totinisubsuruents on carbon atom.* of the glucose nrig r-ve mod.ftcd 
hmnTrtieT thaf the substituted glycoside linkage at the 2-nos«t.on is entirely free fmm 
oXhWrS tarn wen^rnVtic decomposition, the glycoside linkage at °*£P«'™" 
Z hidrokyeAyl starches with a relatively greater number of sutemuents on the uuoon 
atom * TiWon ca£on atom 2 of the glucose ring can be decomposed gradually. 
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To produce hydroxyethyl starches having a molar ratio between the lesutang 
hydroxyethyl groups at the 2-position and those at the 6-posmon (2— O— HEG/ 
6—0— HEC) of 0.5 to 2.0, at least 2 moles of alkali is used per mole of starch or 

^"TTtemolar ratio of alkali to starch during the reaction is calculated according to 5 
die following equation, and the ratio of the components, i.e. 2 — O — HEG / 6— O— HEG 
ratio of the hydnwyethyl starch obtained at the molar ratio of the alkali to starch thus 
calculated is given in Table 1. The table indicates that as already cfescribed,use of 
alkali as a reagent but not as catalyst as in the known process, results in synthesis of 
hvdroxyethyl starches havingVmore substituents on the carbcn atom 6 that in the 10 
carbon atom 2 of the glucose ring and that the molar ratio of alkali to starch must 
be at least 2.0 to achieve the foregoing ratio of 0.5 to 2.0 which is especially suitable 
for use as a plasma expander. 
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Amount of sodium 
162 hydroaride (g) 

molar ratio = : 

Amount of . 40 
starch (g) 

wherein 162 is the molecular weight of an hydroglucose unit and 40 is that of sodium 
hydroxide. 



TABLE I 



Molar rutio of 
alkali starch 


Molar ratio of 
2-0-HEG/6-0-HEG 


Degree of substitution 
with hydroxyethyl groups 


0.1 


10.8 


0.68 


0.2 


9.8 


1.06 


0.5 


5.9. 


IB 


1.0 


4.0 


0.94 


2.0 


2.0 


0.87 


5.0 '. 


0.80 


0.58 


7.0 


0.5 


0.43 



Use of potassium hydroxide in place of sodium hydroxide gave similar results. 
Table I shows die resulting molar ratios of 2-*-0 — HEG/6— O— HEG and 
degrees of substitution (hereinafter reined to simply as 'DS") achieved by using 
constant amount of starch and ethylene oxide and varying the amount ct alkali used. 
DS is the fraction of available sites on the glucose residues actually substituted and i is 
calculated according to the method of Morgan «r of. (Ind. Eng. Chem. Anal. Ed., 18, 



25 For reference, constant amounts of starch and alkali were used to observe die 

changes in the molar ratio of 2 — O — HEG/6—0 — HEG due to the differences in the • 
amount of ethylene oxide introduced differences in the DS value), but no changes 

WerC According to the present invention there is provided a hydroxyethyl starch having 
30 a molar ratio between die resulting hydroxyethyl groups at the 2-position and those at 

the 6-posirJon of 0.5 to 2.0, said starch being as shown in the partial formula: 
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Further according to the present invention there is provided a process for pro- 
ducing a hydroxyethyi starch having a molar ratio between the resulting hydraxyethyl 
groups at the 2-position and those at the 6-position of 0.5 to 2.0, said starch being as 
shown in the partial formula: i 



cm^oh * r*i 




L^O— 



OCM^CMjOM OH 




O— 



comprising the step of reacting a h ydra x y cth yl ating ftgent with starch or hydrolyzed 
starch in the presence of alkali, the molar ratio of alkali to starch being at least 2.0. 
Examples of the starch or hydrolyzed starch which may be used as a starting 
1 10 material according to die process of this invention are com starch, glutinous rice 10 

starch, wheat starch, potato starch, waxy main starch, soluble starch and thin boiling 
starch. Particularly preferable are starches having a high amylopectin content. The 
alkalis to be used according to the present process are preferably sodium hydroxide 
and potassium hydroxide while alcoJiolates such as methyiate and ethylate are also 
|1S employable. Examples of hydraxyethylating agent are ethylene oxide and. ethylene ' 15 

chlorohydrin. 

Further irrespective of the concentration of alkali used, a catalytic amount of 
organic base may be added to the reaction system to lower the molar ratio of 2— O— 
HEG/6 — O — HEG by 20 to 40% as compared with the case where the organic base 
1 20 is not used. Presumably, this is attributable to hydrogen bonding of the organic base 20 

with the hydrogen atom of the active hydroxyl groups on the carbon atom 2 of the 
starches, which impedes the substitution of hydroxyethyl ion at the 2-position. 

By catalytic amount of organic base as r e f eiied to above is generally meant an 
amount not more than 0.5 mole per mole of starch or hydrolyzed starch (the molecular 
£5 weight of anhydro-glucose unit thereof being 162) used as a suiting material. Examples 25 

\" of organic bases usable in the present process are guamdine, pyridine, cycl ohexytam ine, 

ethylenediamine, triethanolamine, monbethanolamirie, aniline, phenylenediamine, 
morpholine, piperidine, pyrrole, : piperazine, phenyihydrazine, urea, miethylamine, ethyl- . 
amine, trimerhyl&mtne, triethylamine, semicarbazide, pyrrolidine, aminoguantdine and 



IDERWENT PUBLICATIONS LTD. 



13W.777 



aminophenol. Usable organic bases are not limited to these examples but any organic 
bases which ate effective may be employed insofar as they do not produce an adverse 
effect such as hydrolysis of the resulting hydroxyethyl starches by acting thereon. Table 
II below shows specific results achieved with or without use of organic base as the 
catalyst _ 



TABLE II 



Sodium hydroxide 
amount used 



0.2 
0.5 
0.5 
0.5 
0.5 
0 5 
0.5 
1.0 
1.0 



Pyridine 
amount used 



Molat ratio of 

2-O-HEG '6-O-HEG 
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Table II indicates that the use of an organic bene in excess of a catalytic amount 
exerts an advene effect on the molar ratio jk the resulting com p one n ts as well as on 
the DS value. This is presumably due to the reaction of hydraxyethylating agent with 
the excess amount of organic base. Accordingly, the organic base is used in a catalytic 
amoum as previously described, ,cnerally in an amount not exceeding 0.5 mole per 
mole of starch used as a starting material. Preferable results will be achieved when 
it is used in a ratio of about 0.1 mole. 

An inorganic salt may be used in place of the organic base to. synthesize hydroxy- 
ethyl starches having a much greater number of substituents at the 6-position than when 
alkali alone is used. 

Examples of the inorganic salt which may be used are sodium nitrite, sodium 
hydrogen phosphite, sodium phosphite, aluminium chloride, lithium chloride, titanic 
chloride, ferrous chloride, manganous chloride, potassium cyanate, potassium chlorate, 
sodium chloride, sodium chromatc, sodium perchlorate, sodium hypophosphite, manga- 
nous bromide, sodium nitrate, sodium hypophosphate, sodium carbonate, sodium 
bicarbonate, sodium pyrosulfite, sodium pyrosulfate, boric acid, metaboric acid, 
aluminium iodide, sodium borate, aluminium sulfate, . potassium aluminium sulfate, 
sodium . thiosulphate, sodium sulphate, magnesium sulphate, potassium 
phosphate, disodium hvdrogenphosphate and sodium phosphate. The in- 
organic salts are not limited to these examples but any inorganic s»lts can likewise 
be used, provided that they , are effective and do not exercise an adverse effect on the 
starting material and on the hydroxyethyl starches. Preferable among these examples 
are lithium chloride, aluminium chloride, sodium sulfate, sodium thiosuifate, magnesium 
sulfate, sodium chloride and disodium hydrogenphosphate. 

Specific results achieved with or without using inorganic salts ate given in Table 

III. 
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TABLE III 






Starting 
material 
(soluble 
starch) 
§• 


' Sod '.am 
hydroxide . 
(NaOH) 
t 


■ Sodium sulfate 
<Na,SO 4 .10H,O> 


* 

DS 


Volar ratio 
6-O-HF.G 


4.05 


2.0 




0.87 


2.04 


4.05 


2.0 


8 


0.80 


1.53 


4 05 


2.0 


16 


0»? 


1.23 


4.05 


2.0 


32 


0.78 


0.85 
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Although the reaction according to the proem of dm «m*mti™ a !"■""*, "jS 
out in a container open to the atmosphere, it r,^.We to ^ Ae conu.ner particularly 
when it is desired to improve the DS value of hydroxytdiyl groups 

It will thus be apparent from the foregoing description that the process off die 
present invention is Spable of product ^^^'^^7^ 
number of substituents on the carbon atom 6 than onthe Q J*^™***rJF™^ 
ring easUy and relatively inexpensively. Moreover, the hydroxyethyl starches obtained 
according to the invention are particularly useful as pUsma expanders _ 

Th? process for producing hydroxvethyl starches according to this invention are 
given in the following Examples. 

Example I. . . 

4.05 g. of waxy maize starch is suspended in 80 ex. of water ctjntainingJ^ r 
of sodium hydroxide. 3.2 g. of ethylene oxide » introduced I into ^ ^"^.us^ns^n 
in a gaseous state at 40°C over a penod of 3 hours. After the «nylene oxide has 
been SSoduced, the reaction is further continued with st.rr.ng for 2 hours « die 
2me temperature. After cooling, 80 ml. of cation exchange resms art 
reaction mixture, followed by stirring. The reams are then "J ^cercne 
is added to the filtrate obtained to precipitate the desired hydroxyethyl mrdj. The 
resulting, precipiute is collected by filtration, and the prec.p.tate is washed widi 
SSStGw give 4.0 g. of hydroxyethyl starch (DS^0.58) as colorless crystals 
having a 2— O— HEC/6— O— HEG ratio of 0.78. 

Example 2. 

10 g of, waxy maize starch is partially hydrolywd with 12 ml. of 0.5 to UW 
hvdrocruotfc acid for 5 to 7 hour, to prepare 9.8 g. • ^Tf 2 * fS^mvlei; 
ofwhich is then dissolved in 30 ml. of water containing 2.8 g. KOH. 3-2 ^ of eAylene 
oxide is introduced into the solution in a gaseous state atj -uc .on ^P e "T e . « 
30°C under atmospheric pressure over a penod of 3 hours. Af .*V ^ * 
exchange resins are added to the reaction mixture to remove alkali and the resin 
is filtered off. The filtrate is concentrated, followed by addition of to give 

precipitation. The resulting precipitate obtained is washedwith acetone erJum^to p ve 
STg of hydroxyethyl starch (DS = 0.75) as colorless powder having a 2-0— HEG/ 
6— O— HEG ratio of 1.6. 

• • 

Example 3. . 
2 0 g. of sodium hydroxide and 16 g. of sodium sulfate are dissolved in 30 ml. 
of water 4.05 g. of soluble starch is added to the solution d.us prepared, and 3.7 ml. 
of ethylene oxide is introduced in the gaseous state into the mixture at 40 C with 
' stirring for about 4 hours, followed by further stirring for 1 hour at the *mt *™P™- 
hire. After reaction, the reaction mixture is made ac.d f""". 
(not higher than pH I), to which anion exchange reams are further added for neutra- 
lization After removing both resins from the neutralized reaction mixture, the i^tra- 
zed mixture is concentrated at 50«C. under a reduced pressure. About 60 ml. of 
isopropyl alcohol or acetone is added to the concentrated mixture to precipitate the 
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desired product (hydroxyethyl starch). The precipitate is removed by filtration and 
thoroughly washed with acetone-ethanol to obtain 4.0 g. of hydroxyethyl starch (DS= 
0.93) as colorless powder having a 2— O— HEG/6— O— HEG molar ratio of 1.23 
(see Table III). 

Example 4. . f m *C 

Ructions are conducted under the same conditions as in Example 3, using in* . 
organic salts other than sodium sulfate. The results are given in Table IV. The 
products are obtained as colorless crystals in yields of about 90%. • 



TABLE IV 



Sodium . 

hydroxide 

(amount) 


Organic base used 


(amount) 
I- 


OS 


. Molar ratio 
of 2-O-HEG/ 
6-O-HEC. 


2.0 


Lithium chloride 


2.5 . 


0.67 


0.92 


2.0 


, Aluminium chloride, 
hyxahydrate 


12.0 


0.14 


1.04 


2.0 


Sodium thiosulfate. 
pentahydrale 


12.0 


' 0.23 


1.15 . 


2.0 


■ Potassium cyanate 


5.0 


0.76 


1.03 


2.0 
2.0 


Potassium sodium 
phosphate hepta- 
hydrate 

Disodium hydrogen- 
phonphate hepta> 
hydrate 


14.0 
13.4 


0.S4 

0.65 


1.18 

W 

1.21 


2-9 


Sodium carbonate 


4.0 


0.74 


1.42 



WHAT WE CLAIM IS:— ^ 10 

l.A hydroxyethyl starch having a molar ratio between the resulting hyditwyethyl 

groups at the 2-peaition and those at the 6-position of 05 to 2.0, said starch being as 

shown in the partial formula: 
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2. A hydroxyethyl starch as daimcd in claim l v substantially at hereinbefore 
described. 

3 A process for producing a hydnwycthyl starch having a molar ratio between 
the resulting hydroxyethyl groups at the 2-position and those at the 6-position of 0.5 
to 2.0, said starch being as shown in the partial formula: 
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OCH^CMjOM 

comprising the step of reacting a hydroxyethylating agent with starch or hydro! yied 
starch in the presence of alkali, the molar ratio of alkali to starch being at least 2.0, 
* said molar ratio being determined in accordance with the equation provided herein. 

4. A process as claimed in claim 3, in which an organic base is used to inhibit 2* 
alkylatioh. 

5. A process as claimed in claim 4, in which the organic base is used in an amount 
not exceeding 0.5 mole per mole of starch or hydrolyzed stanch used as starting material. 

6. A process as claimed in claim 4, 5, in which the organic base used is selected 
from guanidine, pyridine, cyclohexylamtne, ethylenediamine, triethanolaininc, mono- 
ethanolamine, aniline, phenylenediamine, morpholine, piperidine, pyrrole, piperazine, 
phenylhydrazine, urea, roe thiamine, ethylamine, trimediylamine, tricthylamine, aemi- 
carbazide, pyrrolidine, aminoguanidihe and aminophcnol. 

7. A process as claimed in claim 3, in which the reaction is carried out in the 
presence of an inorganic salt 

8. A process as claimed in claim 7, in which the inorganic salt used ts selected 
from sodium nitrite, sodium hydrogen phosphite, sodium phosphite, aluminium chloride, 
lithium chloride, titanic chloride, ferrous chloride, manganous chloride, potassium 
cyanate, potassium chlorate, sodium chloride, sodium chroma te, sodium perchl orate, 
sadium hypophesphite, manganous bromide, sodium nitrate, sodium hypophosphate, 
sodium carbonate, sodium bicarbonate, sodium pyrosulfite, sodium pyrosulfate, boric 
acid, metaboric acid, aluminium iodide, sodium borate, aluminium sulfate, potassium 
aluminium sulfate, sodium thiosulfate, sodium sulfate, magnesium sulfate, potassium 
phosphate, disodium hydrogenphosphate and sodium phosphate. 

9. A process as claimed in. any one of claims 3 to 8, in which the starch or 
hydrolyzed starch used as starting material in .the reaction is corn surch. glutinous 
rice starch, wheat starch, potato starch, waity maize starch, sohible starch or thin 
boiling starch. 

10. A process as claimed in any one of claims 3 to % in which the alkali used 
as starting material in the reaction is sodium hydroxide, potassium hydroxide, sodium 
methylate, potassium methylate, sodium ethylatc or potassium ethylate. 

11. A process for producing a hydroxyethyl starch as claimed in any one of 
claims 3 to 10, substantially as hereinbefore described and exemplified. 

12. A hydroxyethyl starch whenever produced by a process as claimed in any one 

of claims 3 to 11. ^ 

POTTS, KERR & CO., 
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9, Warwick Court, 
London, WC1R 5DJ. 



Printed for Her Majesty's Stationery Office by the Courier Press, ^i™ 1 "*?* 1 # igT5 
Kbllshed by the Patent Office. 23 Southampton Buildings. London. WC2A IaV. from 

which copies may be obtained. 



10 



IS 



20 



25 



30 



35 



40 




